



Æ  $ ŋ ƨ ¥½ƫųÆƬ 
º ° Ļ ª ĸŐ 1670ª 
Æùs$ąz Øò 29Ù 3ċ 21ą 
Æùs$Ÿ} ÆźŐ 4ĐŐ 1ƤƁÞƫƄŊ¥½Ƭ 
Æ  Ƈ ā Ƨ Ń 		γ !	('& "*+
#A
Ƈ ā Ì Ĕ Â ³ ƫv ĔƬ ŉÕÁÆ ÿù Ôƛ Ű 
 ƫ ĔƬ ŉÕÁÆ ÿù ďķ oƘ 
  ŉÕÁÆ ÿù đĎ à 




   ) 

 Peroxisome proliferator-activated receptor γ (PPARγ) %ĕ¨ÊInYn[8bhn
$o³1hAlUçőé$ƍ¶Ä2	PPARγ %2 ¹ŔÑľeSi2 




Ĳä32 fat-specific protein 27 (FSP27) $=[<COn¶Ä$ 1 1Ŧ
Ŗũ#2ThDhKhU$Ųō6ūŨħ$¼ŧÁ£6 6ć0#
2 [2]	*ÞņŎÉ%ūŨŦßò#Ɵs2ĉ"2ƗÄ6¤Ơ2,
Ŧ PPARγ 6ěý ob/ob a;I$ŦŬ6Ķ GeneChip żĒ6Ŵ	$Śē
PPARγ #/1űŀĲƓ32ĚŪčŅƗÄ liver PPARγ-dependent 3 (LPD3) 
$¬È#ò	ďƇā%FSP27 §& LPD3 ƗÄ#[>n@I1) :lIh
l FSP27 ƗÄ$Xh9lT2 FSP27-1a §& FSP27-1b mRNA $ŀĲ#s

2áƣ6żć2 2) LPD3 ƗÄ$ŀĲé§& LPD3 OlYC$ĴĳĚŪ6żć
2 6Ńł 	 


1)  :lIhl#/2  FSP27-1a §&  FSP27-1b mRNA $ŀĲä  
FSP27 ƗÄ$ƍĵĬ#%=BMl 1 $ļ"2 2 ŋ$Xh9lT (FSP27-1a 
§& FSP27-1b mRNA) Å¸30Xh9lT$ŀĲ%ļ"2ƍ¶Ä#/1ä
32 º°3 [3]	ÞņŎÉ%ŦŬ#2 FSP27 ƗÄ$ŀĲ
śƩ#/1ƃÎ3þƩ#/1r2 6ć0#2 [4]	 
ÞņŎÉ$ņŎ%
Xh9lT6ţñ










śƩ (Fasting) §&þƩ (Refeeding) a;I$ŦŬ#2 FSP27-1a §& 
FSP27-1b mRNA$ŀĲ6ƅ(	śƩŦŬ#2 FSP27-1a §& FSP27-1b mRNA$
ŀĲ%33ElTkni (Ƒ×Ʃ) $ŕ 7 §& 53 $űƃÎƂ,03
þƩĳ#/13-ElTkni ¬ŊÚ*r (Fig. 1)	t mRNA $
ŀĲ%:lIhlĮï2śƩŦŬƃÎ3ƪ:lIhlĮï2þƩŦ
Ŭűr 0śƩmþƩŦŬ#2t mRNA $ŀĲä#:lI
hl$Ɵsûĥ3	:lIhl6śƩa;I#ösśƩ#/1ƃÎ
3 FSP27-1a §& FSP27-1b mRNA $ŀĲr2®#Ėž	:lI
hlös 1 Ĉƞâ$śƩŦŬ#2t mRNA $ŀĲ%3-Čî#r
 (Fig. 2)	|q$Śē0FSP27-1a §& FSP27-1b mRNA $ŀĲ%3-:l
Ihl#/1õ32 ň´3	 
 
2)  LPD3 ƗÄ$ŀĲé§&  LPD3 OlYC$ĴĳĚŪ$żĒ  
a) LPD3 ƗÄ$ŀĲżĒ 
LPD3 ƗÄ%$ŀŹ$řŝ0  PPARγ Åł"ūŨŦŀĿ$=[<COn
¶Ä2©Ūéƪ	LPD3 ƗÄPPARγ Åł2%ūŨŦĭ
ļł#ŀĲ2®6ć0#2,#Ŧĭļł  PPARγ ěý¹a;I$
ŦŬ#2ŀĲ6h9i
O:c  PCR ġ#/1ƅ(
	čĳ  (Control) $»
«ūŨŦ6ßò2 
PPARγ ƛĴ¹  ob/ob a;
I  (ob/ob-PPARγWT) $Ŧ
Ŭ#2 LPD3 ƗÄ$
ŀĲ%PPARγ ƛĴ¹ĝ×
Fig. 1. FSP27 mRNAs in the liver are induced by fasting 



































































Figure 2. FSP27 mRNAs in the liver are induced by fasting but decreased by refeeding.
QPCR analyses of FSP27 mRNAs in liver (A) and white adipose tissue (B) were performed using
total RNA from each mouse. Expression was normalized to 36B4 mRNA, and each bar represents
the average ± S.E.M. of 3 individual experiments. WAT, white adipose tissue; Control, ad libitum-
fed mice; Fasting, 24 hr-fasted mice; Refeeding, refed mice after 24 hr-fasting. Significant differences
from Control: †p < 0.01, ††p < 0.001. Significant differences from Fasting: *p < 0.01, **p < 0.001.
Fig. 2. Fasting-induced FSP27-1a and FSP27-1b mRNAs in liver 





















































Figure 6. Fasting-induced FSP27-1a and FSP27-1b mRNAs in liver are suppressed by insulin.
QPCR analyses of FSP27 (A), FSP27-1a (B) and FSP27-1b (C) mRNAs were performed using liver total
RNA from each mouse. Expression was normalized to 36B4 mRNA, and each bar represents the average
± S.E.M. of 3 individual experiments. 24 hr-fasted mice (Fasting/0 min) were sacrificed at 1 hr after
intraperitoneal injection with insulin (8 munits/g of body weight) or glucose (5 mg/g of body weight).
Control, ad libitum-fed mice. Significant differences from Fasting: *p < 0.01, **p < 0.001.
a;I  (OB/OB-PPARγWT) $ŦŬ Ğ(
/  10 |q$űƃÎƂ,03
	Ŧĭļł PPARγ ěý¹ ob/ob 
a;I  (ob/ob-PPARγKO) $ŦŬ#2 
LPD3 ƗÄ$ŀĲ%ob/ob-PPARγWT $
ŦŬ$ŕ 50% #r (Fig. 3)	Ů±Ĥ
 #PPARγ $ƪŻ²éhAlU
2 k H D h O N l  ĳ š  (RGZ) $ 
ob/ob-PPARγWT $ŦŬ#2  LPD3 Ɨ
Ä$ŀĲ%čĳš$ ob/ob-PPARγWT 
$ŦŬ ) 7!¾50" (Fig. 3)	
|q$Śē/1LPD3 ƗÄ$ŀĲ%
PPARγ #Åob/ob a;I$ūŨŦĭļł#ƪŀĲ2 ć0#"
	 
 
b) ŦŖũ#2 LPD3 OlYC$ŖũÒ¸$ĠÈ 
 OlYCƌ$ŖũÒ¸é6ĠÈ2 %$ĴĳĚŪ6ƨû2qƚŸ
"ŅŹ "2	kHDhONlĳ ob/ob a;I$ūŨŦ$ŘŞĦż
ģ0ĕ^ZnbTElUh9g:TbTElUh9bCkMnc§&Ŗ






33$[gCGfl#  LPD3 OlYC$Ė6Ŵ	  $Śē
ob/ob-PPARγWT a;IŦŬ$œŶ`i?BGMncĺ#%` i?BGMncan
@n peroxisomal biogenesis factor 14 (PEX14) Ė3LPD3 ÷ƂƉ32ĩ










Fig. 4. LPD3 protein is localized in the peroxisomal 




Whole Peroxi Whole Peroxi
Figure 24. LPD3 protein is localized in the peroxisome fraction of the RGZ-treated ob/ob mouse liver, but
not PPARγ null ob/ob mouse liver.
Peroxisome fractio was pr pared as shown in Figure 23. The p roxisome fraction (Peroxi) was analyzed
by Western blotting using anti-LPD3 and anti-PEX14 IgGs. PEX14, peroxisomal membrane protein
PEX14 as peroxisome marker.
Fig. 3. The expression of LPD3 mRNA 
depends on the hepatic PPARγ expression and 



























Figure 7. The expression of LPD3 mRNA depends on the hepatic PPARγ expression and fatty liver
formation.
QPCR analyses of PPARγ (A), LPD3 (B) mRNAs were performed using total RNA from each genotyped
mouse liver. Expression was normalized to 36B4 mRNA, and each bar represents the average ± S.E.M.
of 3 individual experiments. Ob/ob-PPARγWT mice have fatty liver, while ob/ob-PPARγKO mice are
normal or have much less fat. OB/OB, normal genetic background mice; ob/ob, leptin-mutated mice; WT,
hepatic PPARγ wild mice; KO, liver-specific PPARγ null mice; Control, diet without rosiglitazone; RGZ,
diet containing rosiglitazone. Significant differences from PPARγWT liver : *p < 0.05, **p < 0.01, ***p
< 0.001.
1LPD3 OlYC%`i?BGMnc#Ò¸2 Ýň´3	 
 
c) LPD3 WQCP;l ob/ob a;IŦŬ6Ķ GeneChip #/2ŜŠłƗÄŀĲżĒ 
LPD3 OlYC$ĴĳĚŪ6ć0#2 %ďņŎ$Ċŗł"Ńł2	
ĭÈ$OlYCŀĲ6WQCP;l2Ąġ%OlYC$ĚŪżć$,#ƦĶ
32Ąġ2	*  LPD3 OlYC$WQCP;lGIRc6ėŒ2
 #	LPD3 OlYC$WQCP;l6Ńł Ŷ  LPD3-shRNA ŀĲ_
COn%¶é$ LPD3 ƗÄ§&OlYC6 ıł#WQCP;l2 
ć0#"	 
 LPD3 WQCP;l3  ob/ob a;IūŨŦ ElTkni 
(LacZ-shRNA) ob/ob a;IūŨŦ#2ƗÄ$ŀĲ6  GeneChip żĒ	
GeneChip żĒ%$ƗÄ$ŀĲżĒ$+"0¾£$Ƃ,03ƗÄ6Ě
Ūł#ƨ2 ĭÈ$OlYC$WQCP;l!$/	" ē6-0
ƨû2	żĒ 34365 ƗÄ$	 LPD3 WQCP;l#/1 2 |qŀ
ĲqĆ2ƗÄ%  45 ƗÄ0.5 |qŀĲr2ƗÄ%  66 ƗÄ
	30$ŀĲ¾¡ƗÄ$	ūƌ{ƈƟƒƗÄ#[>n@I
ĭ#¾¡Á Table 1 #ň 10 ƗÄ$ŀĲ¾¡#mRNA j_i
ƅ(2 #	 
*LPD3-shRNA ĳ  ob/ob a;I$ŦŬƅ(ŚēCcnd1Lipg
Ppargc1αAcot5Scd3Cfd §& Igfbp1 $ 7 $ƗÄ$ŀĲ%LacZ-shRNA 
ĳŦŬ Čî"Ö2 ŇƂ3Scd2 ƗÄ#%tŤ$ƞ#
"Ö%Ƃ,03"	"Table 1 $ Fads3 §&  Apol7b ƗÄ#%
Ɩ"]g:anſŽƅ(2 "	|q$Śē/1LPD3 
WQCP;lūŨŦ#ŀĲj_i¾£2  7 $ūƌ{ƈƟƒƗÄ 










Ä%Table 1 $ 10 ƗÄ$	
 SCD3 [5] §& Cfd [6, 7] $ 2
$+$tƗÄ$





receptor gamma coactivator 1 alpha
1.54Ppargc1a
acyl-CoA thioesterase 5 1.53Acot5
Signal ratio
1.52fatty acid desaturase 3Fads3
LPD3-repressed genes
0.40stearoyl-CoA desaturase 3Scd3
0.46complement factor D (adipsin)Cfd
0.53stearoyl-CoA desaturase 2Scd2
0.64apolipoprotein L 7bApol7b
insulin-like growth factor binding protein 1Igfbp1 0.60
Gene type, symbol
LPD3-induced genes
Table 1. Lipid metabolism-related genes identified 
by GeneChip analysis. 
ŀĲ6LPD3-shRNA §& LacZ-shRNA ŀĲŖũƅ( (Fig. 5)	$ŚēLPD3 
WQCP;lŖũ#2 SCD3 §& Cfd ƗÄ$ŀĲ%3-ElTkniŖ
ũ#Ğ(Čî"rƂ,03  (Fig. 5A-C)	|q$Śē/13T3-L1 òīūŨ
Ŗũ#2 SCD3 §& Cfd ƗÄ$ŀĲ%ob/ob a;IūŨŦ ¬Ę#LPD3 O
lYC$ŀĲ#áƣ6¨2 ûĥ32	 
 ďņŎ#/1ĝ×a;I$śƩŦŬ#2 FSP27-1a §& FSP27-1b mRNA $
ŀĲ%:lIhl#/1ä32 ć0#"	*ăź PPARγ ę
łƗÄ LPD3 %ūŨŦÅł"ŀĲ6ň ć0#"	0#`i?
BGMnc#Ò¸2 LPD3 OlYC%SCD3 . Cfd $ĚŪ6yŦŬ§&ūŨŖ
ũ#2ūŨŲō#Ɵs2 ûĥ3	LPD3 %PPARγ Åł"ŀĲ
6ň 0FSP27  ¬Ę#PPARγ Åł"ūŨŦßò#Ɵs2=[<CO
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Figure 33. LPD3 knockdown in 3T3-L1 adipocytes leads to the repression of SCD3 and Cfd mRNAs.
Pre-adipocytes were transfected with LacZ-shRNA or LPD3-shRNA vector. At 3 days after infection, the
cells were differentiated into mature adipocytes without RGZ for 11 days. QPCR analyses of LPD3 (A),
SCD3 (B) and Cfd (C) mRNAs were performed by using total RNA from each cell. Expression was
normalized to 36B4 mRNA, and each bar represents the average ± SEM of 3 individual experiments.
Significant differences compared with LacZ-shRNA : *p < 0.01, **p < 0.001.
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 ĕ¨Ê2 peroxisome  proliferator-activated  receptor  γ (PPARγ) %2 ¹ŔÑ
ľeSi2 ob/ob a;I$ūŨŦ#ƪŀĲ1ob/ob a;I$ūŨŦŀĿ#æ
ƥ2	PPARγ %$ńúł"ęłƗÄ2 fat specific protein 27 (FSP27) $ŀ
Ĳ6qĆŦŖũ'$ūŨŲō62	*ĹƆŤ0%FSP27 ƗÄ|¿
$ūŨŦŀĿ#Ɵs2ƗÄ6ŜŠł#¬È2,#Ŧĭļł# PPARγ 6ěý
 ob/ob a;IŦŬ6Ķ GeneChip żĒ6ŴĚŪčŅ liver PPARγ-dependent 
gene 3 (LPD3)  ƗÄ$¬È#ò	  
 ďņŎ%ūŨŦŀĿ#Ɵs2 FSP27 /& LPD3 ƗÄ#[>n@I1) Ə
Ùº°3 FSP27 ƗÄ$ 2 ŋ$Xh9lT (FSP27-1a /& FSP27-1b mRNA) 
$ŀĲ#2:lIhl$Ɵs$ČĪ2) LPD3 ƗÄ$ŀĲé/& LPD3 OlY
C$ĴĳĚŪ$żć6Ńł#Ŵ	 
 Őoŏ%śƩ/&þƩ#/2:lIhlĮï$¾£ FSP27 ƗÄ$ 2 ŋ$
Xh9lT$ŀĲ#s
2áƣ6ƅ(	FSP27-1a /& FSP27-1b mRNA $ŀĲ%
:lIhlĮï2śƩŦŬ#%ElTkni (Ƒ×Ʃ)  Ğ(űƃÎ
Ƃ,03ƪ:lIhlĮï2þƩŦŬ#%ElTkni (Ƒ×Ʃ) 
 ¬ŊÚ*r	*ŦŬ#śƩ#/1ƃÎ3 FSP27-1a /& 
FSP27-1b mRNA $ŀĲ%:lIhlös#/1Čî#r	/śƩa;I
$ŦŬ#2 FSP27-1a /& FSP27-1b ƗÄ$ŀĲ%3-:lIhl#/1
Ɗ#ä32 ć0#"	 
 Őxŏ%LPD3 ƗÄ$ŀĲé/& LPD3 OlYC$ŖũÒ¸$żć6Ŵ"
	*LPD3  ƗÄPPARγ ęłƗÄ2 6ƀć2,#Ŧĭļł 
PPARγ ěý¹a;I#2żĒ6Ŵ 4LPD3 ƗÄ$ŀĲ% PPARγ $ŀĲ
#Å	*LPD3 ƗÄ$ŘŞŀĲżĒ6Ŵ 4LPD3 ƗÄ%
ūŨŲō$Ƃ,032 ob/ob a;I$ūŨŦŁů/&ŷůūŨŘŞ#ƑŀĲ
	0#Ŗũĺġ#/1 ob/ob a;I$ūŨŦ#2 LPD3 $ŖũÒ
¸żĒ6Ŵ 4 LPD3 %`i?BGMnc#Ò¸2 ň´3	 
 Őpŏ%LPD3 WQCP;l ob/ob a;I$ŦŬ6Ķ GeneChip #/2ƗÄ
ŀĲ¾¡$ŜŠłżĒ6Ŵ	żĒ 34365 ƗÄ$uLPD3 WQCP;l#
/1 2 |qŀĲqĆ2ƗÄ% 45 ƗÄ0.5 |r#ŀĲr2ƗÄ% 
66 ƗÄ	30ŀĲ¾¡ƗÄ$uūƌ{ƈƟƒƗÄ2 
SCD3 /& Cfd ƗÄ%3T3-L1òīūŨŖũ#- LPD3 WQCP;l#/1
ŀĲr	/LPD3 %SCD3 . Cfd $ĚŪ6yŦŬ/&ūŨŖũ
#2ūŨŲō#Ɵs2 ûĥ3	 









Ɵ2Ƈā 2 º6ŀŵ1Ĳ¸Ƈā 1 6öŌu2	*ĹƆŤ$
ť~ÌĔ#2]jLlRnGfl§&ƌĽ#Í2çő%Ɩ	 
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